The infraorbitals (IOs) of four species endemic to Lake Tanganyika were examined. 25
INTRODUCTION 37 38
In Lake Tanganyika, about 200 endemic cichlid species are currently considered valid, 39
and new species continue to be described (e.g., Takahashi & Hori, 2006; Schelly et al., 40 2007; Verburg & Bills, 2007; Takahashi, 2008; Burgess, 2012; Kullander et al., 2012) . 41
These fishes are morphologically, ecologically and genetically diverse, and represent a 42 well-established model system for the study of adaptive radiation (e.g., Fryer & Iles, 43 1972; Kornfield & Smith, 2000; Turner et al., 2001; Kocher, 2004; Seehausen, 2006; 44 Turner, 2007; Koblmüller et al., 2008; Salzburger, 2009; Sturmbauer et al., 2011; 45 Takahashi & Koblmüller, 2011; Gante & Salzburger, 2012) . 46 47 Poll (1986) first classified the Lake Tanganyika cichlid fishes into 12 tribes based on 48 morphological features. Some molecular and morphological studies pointed out that this 49 classification was essentially reasonable but needed a few minor changes (Nishida, 50 1991; Kocher et al., 1995; Lippitsch, 1998; Salzburger et al., 2002) . Subsequently, 51 Takahashi (2003a) constructed a cladogram of these fishes based on anatomical data 52 and proposed a new classification that recognised 16 tribes. Takahashi's (2003a) 53 classification resolved some taxonomic problems with Poll's (1986) classification, but 54 some molecular phylogenetic studies have highlighted the need for further minor 55 changes (reviewed by Koblmüller et al., 2008) . One of the contradictions between 56
Takahashi's (2003a) classification and molecular phylogenetic studies raised a problem 57 on the validity of the tribe Greenwoodochromini Takahashi, 2003 (Duftner et al., 2005 . The number of bones in the IO series ranges from four to six in G. christyi, G. bellcrossi, 103 L. abeelei, and L. staneri (Table I ). The anteriormost bone is larger than the others and 104 has a sensory canal that opens through five or six sensory pores. Four of the pores are 105 large; the widths of these pores are wider than the intervals between the pores [arrows in 106 Greenwoodochromis christyi has two major variations in IO configuration (Table I) . 110
Thirteen out of the 20 individuals examined have six IOs with 6-2-2-2-2-2 sensory 111 pores [ Fig. 2(b) ], whereas five individuals have five IOs with 6-2-3-2-2 sensory pores 112
[ Fig. 2(a) ]. The third bone of the latter variation (6-2-3-2-2) is elongated and has three 113 sensory pores; two pores are located at the ends of the bone, and the other pore is 114 located anterior to the midpoint of the bone. The individuals that have five IOs with 115 6-2-3-2-2 sensory pores are significantly larger than the individuals that have six IOs 116 with 6-2-2-2-2-2 sensory pores (Fig. 3) . 117 118 In G. bellcrossi and L. abeelei, the IO series varies greatly in numbers of bones and 119 sensory pores, although smaller numbers of samples were examined compared to the 120 other species (Table I) . The major variation accords with the IO configuration of the 121 large individuals of G. christyi (6-2-3-2-2). One individual of L. abeelei exhibits the 122 same configuration as the small individuals of G. christyi (6-2-2-2-2-2). 123
124
In L. staneri, the IO series varies somewhat in numbers of bones and sensory pores 125 (Table I) . Fourteen of the 20 individuals examined have six bones with 5-2-2-3-2-2 126 sensory pores [ Fig. 2(c) ]. The fourth bone is elongate and has a pore located at each end, 127 and the other pore is located anterior to the midpoint of the bone. One individual 128 exhibits the same condition as the small individuals of G. christyi (6-2-2-2-2-2). those of the other Lake Tanganyika cichlids. In these species, four of the five or six 135 sensory pores on the anteriormost bone are large and the widths of these four pores are 136 wider than the intervals between the pores [ Fig. 2(a-c) ], whereas the widths of all the 137 sensory pores on the anteriormost bone are small and the widths of the pores are 138 narrower than the intervals between the pores in many other species (Takahashi, 2003b) . 139
Species of Trematocara Boulenger, 1899 also have large pores on the anteriormost bone, 140 but all the pores (not only four of the pores) are large (Takahashi, 2002 (Takahashi, , 2003b . Fig. 2(a) ] and the fourth bone of L. staneri [ Fig. 2(c)] . Accordingly, assuming a 150 plesiomorphic IO configuration of 5-2-2-2-2-2-2, the most common condition of small 151 individuals of G. christyi (6-2-2-2-2-2) can be considered a result of fusion between the 152 first and second bones of the plesiomoprhic IO configuration [ Fig. 2(b) ]. The most 153 common condition of large individuals of G. christyi (6-2-3-2-2), which is also the most 154 common condition of G. bellcrossi and L. abeelei, can be considered a result of fusion 155 between the first and second bones and between the fourth and fifth bones of the 156 8 plesiomorphic IO configuration [ Fig. 2(a) ]. Similarly, the most common condition of L. 157 staneri (5-2-2-3-2-2) can be considered a result of fusion between the fourth and fifth 158 bones of the plesiomorphic IO configuration [ Fig. 2(c) ]. Other minor variations can be 159 explained by an irregular increase in the number of sensory pores on a tube-like bone, 160 an increase or decrease of the number of tube-like bones, or unusual fusion event (see 161 consist of seven IOs with 5-2-2-2-2-2-2 sensory pores, of which the first and second IOs 168 and/or the fourth and fifth IOs are fused. Takahashi (2003b) considered the IOs of small 169 individuals of G. christyi (6-2-2-2-2-2) to be a variation of type A [ Fig. 2(e) shows the 170 typical condition of type A, which has six bones with 5-2-2-2-2-2 sensory pores and the 171 sensory pores on the anteriormost bone are small]; however, the 6-2-2-2-2-2 condition is 172 regarded as type I in the present study. 173
174
In their phylogenetic analysis of Lake Tanganyika cichlids using mitochondrial DNA 175 Fig. 1(a) ]. Although phylogenetic inference based on 183 mtDNA can be heavily affected by incomplete lineage sorting and introgression (e.g., 184
Rüber et al., 2001; Koblmüller et al., 2007a Koblmüller et al., , b, 2010 Sturmbauer et al., 2010) , the 185 morphology of the IOs supports the monophyly of a clade including G. christyi, G. 186 bellcrossi, L. abeelei and L. staneri [ Fig. 1(b) ], which is supported by 100% Bayesian 187 posterior probability in the mtDNA tree (Duftner et al., 2005) . To resolve the 188 disagreements between systematic classification and phylogeny, it is proposed to 189 6-2-2-2-2-2 sensory pores or five bones with 6-2-3-2-2 sensory pores) in 22
Greenwoodochromis christyi. 23 
